Antimonial-induced increase in intracellular Ca2+ through non-selective cation channels in the host and the parasite is responsible for apoptosis of intracellular Leishmania donovani amastigotes.
The capability of the obligate intracellular parasites like Leishmania donovani to survive within the host cell parasitophorous vacuoles as nonmotile amastigotes determines disease pathogenesis, but the mechanism of elimination of the parasites from these vacuoles are not well understood. By using the anti-leishmanial drug potassium antimony tartrate, we demonstrate that, upon drug exposure, intracellular L. donovani amastigotes undergo apoptotic death characterized by nuclear DNA fragmentation and externalization of phosphatidylserine. Changes upstream of DNA fragmentation included generation of reactive oxygen species like superoxide, nitric oxide, and hydrogen peroxide that were primarily concentrated in the parasitophorous vacuoles. In the presence of antioxidants like N-acetylcysteine or Mn(III) tetrakis(4-benzoic acid)porphyrin chloride, an inhibitor of inducible nitric-oxide synthase, a diminution of reactive oxygen species generation and improvement of amastigote survival were observed, suggesting a close link between drug-induced oxidative stress and amastigote death. Changes downstream to reactive oxygen species increase involved elevation of intracellular Ca2+ concentrations in both the parasite and the host that was preventable by antioxidants. Flufenamic acid, a non-selective cation channel blocker, decreased the elevation of Ca2+ in both the cell types and reduced amastigote death, thus establishing a central role of Ca2+ in intracellular parasite clearance. This influx of Ca2+ was preceded by a fall in the amastigote mitochondrial membrane potential. Therefore, this study projects the importance of flufenamic acid-sensitive non-selective cation channels as important modulators of antimonial efficacy and lends credence to the suggestion that, within the host cell, apoptosis is the preferred mode of death for the parasites.